A reddish-brown bacterium, designated strain JA318 T , was purified from a photoheterotrophic enrichment culture obtained from the rhizosphere soil of paddy. Cells of strain JA318 T are spiral shaped, Gram-stain-negative and motile by means of amphitrichous flagella. Strain JA318 T has no NaCl requirement for growth but can tolerate up to 1.5 % (w/v) NaCl. Internal photosynthetic membranes are present as lamellar stacks. Photoorganoheterotrophy is the only growth mode observed. Strain JA318 T contains bacteriochlorophyll a, lycopene and rhodopin as major carotenoids. Thiamine, niacin and para-aminobenzoic acid (PABA) are required as growth factors. Major fatty acids are C 18 : 1 v7c and C 16 : 0 . Ubiquinone-8 and rhodoquinone-8 are the observed quinones. Diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and an unidentified aminolipid are the major polar lipids in strain JA318 T . Phylogenetic analysis based on 16S rRNA gene sequences showed that the strain JA318 T clustered with species of the genus Rhodospirillum which belongs to the class Alphaproteobacteria. The highest sequence similarity of strain JA318 T was found with Rhodospirillum sulfurexigens JA143 T (99.9 %). The DNA-DNA reassociation values of strain JA318 T with Rsp. sulfurexigens JA143 T and Rhodospirillum photometricum DSM 122 T were 52±2 % and 45±1 %, respectively. The genomic DNA G+C content of strain JA318 T was 60.2 mol%. Based on the morphological, physiological, chemotaxonomical and molecular evidence, strain JA318 T is significantly different from the type strains of species of the genus Rhodospirillum, of the family Rhodospirillaceae, and it is proposed that the strain be classified as a representative of a novel species for which the name Rhodospirillum oryzae sp. nov. is proposed. The type strain is JA318 T (5KCTC 5960 T 5NBRC 107573 T ).
At the time of writing, there are seven phototrophic genera (Phaeovibrio, Phaeospirillum, Rhodocista, Rhodospira, Rhodospirillum, Rhodovibrio and Roseospira; http://www. bacterio.net) in the family Rhodospirillaceae (Imhoff et al., 1998a) . Cells of these genera are vibrio-spiral shaped, phototrophic and differ mainly in their quinones, carotenoids, fatty acids, salt requirements and phylogenetic relationships based on 16S rRNA gene sequences. The genus Rhodospirillum presently has three species with validly published names, Rhodospirillum rubrum, Rhodospirillum photometricum (Imhoff et al., 1998a; Imhoff, 2005) and Rhodospirillum sulfurexigens (Anil Kumar et al., 2008) . During our studies on diversity of phototrophic spirilla from paddy soils of India, strain JA318 T was isolated and characterized by a polyphasic taxonomic approach.
The sample that yielded strain JA318 T was from the rhizosphere soil of a paddy field, collected in Nadergul, Andhra Pradesh, India on 6 August 2007 (GPS position: 17 u 169 N 78 u 329 E). Strain JA318 T was recovered from a phototrophic enrichment in a medium described previously [Lakshmi et al., 2011a; pyruvate (22 mM) and ammonium chloride (7 mM) were used as carbon and nitrogen sources, respectively], incubated at 2400 lx, 30 u C for 7 days in 60 ml fully filled screw-capped bottles. Purification was done by repeated streaking on agar slants (Lakshmi et al., 2011b) . Purified cultures were grown in completely filled screw cap test tubes (106100 mm) under the phototrophic conditions described above. Cultures were maintained on agar slants or as lyophilized cultures preserved at 4 uC.
Morphological properties (cell shape, cell division, cell size, motility) were observed under a phase-contrast microscope (BH-2; Olympus). Flagellar position was determined using a transmission electron microscope (H-7500; Hitachi). The internal membrane structures were viewed with a transmission electron microscope, after the cells had been processed as described by Hanada et al., (2002) . Growth on carbon sources like formate, propionate, butyrate, caproate, valerate, lactate, glycerol, methanol and ethanol was tested at 0.1 % (v/v) along with NaHCO 3 (0.1 %, w/v), while for other substrates growth was tested at 0.3 % (w/v) without NaHCO 3 . For sulfur sources, MgSO 4 . 7H 2 O was replaced with MgCl 2 . 6H 2 O (0.2 %) and the respective sulfur sources (sodium sulfide, sodium thiosulfate, sodium thioglycolate, cysteine, magnesium sulfate, sodium sulfate, sodium sulphite, all at 0.5 mM) were added to the medium. Nitrogen requirements for growth were tested by replacing ammonium chloride with different nitrogen sources at 7 mM. Vitamin requirement was tested by replacing yeast extract with single vitamins and also combinations of vitamins as growth factors. Chemotrophy was determined by growing the cultures in Erlenmeyer flasks placed in an orbital shaker (in the dark) at 30 uC. Anaerobic growth (in the dark) by nitrate respiration was determined in fully filled screw-cap test tubes (along with Durham tubes) containing the above growth medium supplemented with KNO 3 (7 mM). Production of gas in the Durham tubes was considered as a positive test. Diazotrophy of the cultures was determined by growth under N 2 atmosphere and was confirmed by repeated subculturing. Growth was measured turbidometrically at 660 nm.
The in vivo absorption spectra were measured in sucrose solution using a Spectronic Genesys2 spectrophotometer (Trüper & Pfennig, 1981) . Carotenoid composition was determined by C 18 -HPLC (eluted with acetonitrile : methanol : ethyl acetate, 5 : 4 : 1, v/v; flow rate 1 ml min 21 ; absorption at 450 nm) using a photodiode array detector [Shimadzu Prominence (LC-20AT)]. For fatty acid analysis, cells were harvested by centrifugation (10 000 g for 15 min at 4 u C) on reaching a cell density of 70 % of the maximum optical density (100 %50.8 OD 660 ) and the pellet was used for analysis. Cellular fatty acids were methylated, separated and identified according to the instructions for the Microbial Identification System (Microbial ID; MIDI version 6.0; method, RTSBA6) (Sasser, 1990; www.midi-inc.com) , which was outsourced to Royal Research Laboratories, Secunderabad, India.
Polar lipids were extracted from 1 g freeze-dried cells with methanol/chloroform/saline (2 : 1 : 0.8, by vol.) as described by Kates (1986) . Lipids were separated using silica gel TLC (Kieselgel 60 F 254 ; Merck) by two-dimensional chromatography using chloroform/methanol/water (65 : 25 : 4, by vol.) in the first dimension and chloroform/methanol/ acetic acid/water (80 : 12 : 15 : 4, by vol.) in the second dimension (Tindall, 1990a, b; Oren et al., 1996) . The total lipid profile was visualized by spraying with 5 % ethanolic molybdophosphoric acid and was further characterized by spraying with ninhydrin (specific for amino groups), molybdenum blue (specific for phosphates) Dragendorff reagent (quaternary nitrogen) or a-naphthol (specific for sugars) (Kates, 1972; Oren et al., 1996) . Quinones were extracted with a chloroform/methanol (2 : 1, v/v) mixture, purified by TLC and analysed by HPLC (Imhoff, 1984; .
Genomic DNA was extracted and purified according to the method of Marmur (1961) and the G+C content of the DNA was determined by HPLC (Mesbah et al., 1989) . Cell material for 16S rRNA gene sequencing was taken from a colony. DNA was extracted and purified by using a Qiagen genomic DNA extraction kit. Recombinant Taq polymerase (Genei) was used for PCR. The complete length of the 16S rRNA gene sequence was obtained by sequencing with four primers, F9-27 (59-GTTTGATCCTGGCTCAG-39), F9-372 (59-TACGGGAGGCAGCAG-39), F9-790 (59-GGTTA-CCTTGTTACGACT-39) and R9-1489 (59-TACCTTGTTA-CGACTTCA-39) (positions 11-27 and 1489-1506 for F9-27 and R9-1489, respectively, according to the Escherichia coli 16S rRNA numbering system of the International Union of Biochemistry) (Brosius et al., 1978; Lane et al., 1985) . PCR amplification was done as described by Imhoff & Pfennig (2001) and Imhoff et al. (1998b) and 16S rRNA gene sequences were obtained (without gene cloning) by cycle sequencing with a SequiTherm sequencing kit (Biozym) and chain termination reaction (Sanger et al., 1977) using an automated laser fluorescence sequencer (Pharmacia). Identification of phylogenetic neighbours and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the NCBI BLAST search (Altschul et al., 1990) and EzTaxon-e server (Kim et al., 2012) . The CLUSTAL W algorithm of MEGA 4 was used for sequence alignments and MEGA 4 (Tamura et al., 2007) software was used for phylogenetic analysis of the individual sequences. Distances were calculated by using the Kimura correction in a pairwise deletion manner (Kimura, 1980) . Neighbour-joining, minimum-evolution and maximum-parsimony methods in the MEGA4 software (http://www.megasoftware.net/ mega4) were used to reconstruct phylogenetic trees. Percentage support values were obtained using a bootstrap procedure.
The taxonomic relationship between strain JA318 T and the most closely related members of the genus Rhodospirillum was examined using DNA-DNA hybridization which was determined using a membrane filter technique (Tourova & Antonov, 1988) , using a nick translation kit supplied by BRIT (Jonaki, CCMB campus, Hyderabad). DNA-DNA relatedness was quoted by taking the mean value from three experiments. The control in each of the experiments was the self-hybridized DNA. [a-32 P]dCTP was used for labelling the probe. The DNA immobilized on the blots (nylon membranes) were probed with labelled DNA and then exposed to a phosphor imaging screen (Amersham Biosciences). The phosphor-imaging screen was scanned and quantified using a TYPHOON (3480) variable mode imager. The percentage hybridization was calculated according to the formula: percentage hybridization5 (counts obtained from heterologous hybridization/counts obtained from homologous hybridization)6100.
Cells of strain JA318 T are spiral shaped, 4-16 mm long and 1-3 mm wide ( Fig. S1 , available in IJSEM Online), motile by means of amphitrichous flagella (Fig. S2a ) and multiply by binary fission. Transmission electron photomicrographs of ultrathin sections of the strain revealed stacked-type internal membrane structures (Fig. S2b) (Table 1) . Strain JA318 T utilized ammonium chloride, glutamate, aspartate and glutamine as nitrogen sources while nitrite, urea and nitrate did not support growth. Denitrification was not observed in strain JA318 T and diazotrophic growth and acetylene reduction (protocol of Sasikala et al., 1990) could not be demonstrated. Thiamine, niacin and PABA were obligate for growth of strain JA318 T . Sulfate, cysteine, methionine, thioglycolate and sulfide were used as sulfur sources, while elemental sulfur and thiosulfate did not support growth. Strain JA318 T could tolerate up to 1.5 mM sulfide. NaCl was not required for growth but strain JA318 T could tolerate up to 1.5 % (w/v). The pH range for growth of strain JA318 T was 6-8 with an optimum at pH 7.0. Strain JA318 T is a mesophile, growing optimally at 30 u C (range 25-40 u C).
Phototrophically grown cells of strain JA318 T are reddishbrown. The in vivo absorption spectrum of intact cells in sucrose exhibited maxima at 374, 491, 527, 791 and 851 nm (Fig. S3) indicating the presence of bacteriochlorophyll-a. Comparison of the absorption spectra of strain JA318 T and Rsp. sulfurexigens JA143 T (Fig. S3) indicates differences in light-harvesting complexes. Carotenoid composition of strain JA318 T as assayed by HPLC indicates the presence of lycopene (45 %), rhodopin (41 %), spirilloxanthin (6 %) and rhodovibrin (8 %). C 18 : 1 v7c (38.4 %) and C 16 : 0 (32.8 %) are the major fatty acids of strain JA318 T . Minor amounts of C 10 : 0 (2.8 %), C 12 : 0 (1.8 %), C 14 : 0 (1.8 %), C 15 : 0 2-OH (1.5 %), C 16 : 0 3-OH (1.9 %), C 18 : 0 (4.2 %), C 18 : 0 3-OH (2.1 %), C 18 : 0 2-OH (1.8 %), C 18 : 1 v5c (5.2 %) and C 16 : 1 v6c/C 16 : 1 v7c (2.4 %) were also detected. Ubiquinone 8 (98 %) and rhodoquinone 8 (2 %) were observed as predominant quinone systems. Diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and an unidentified aminolipid were the major polar lipids in strain JA318 T (Fig. S4) .
The DNA G+C content of strain JA318 T was 60.2 mol% (by HPLC). Eztaxon-e BLAST analysis of the near complete (1417 bp) 16S rRNA gene sequence of strain JA318 T indicated its close relationship with the type strains of species of the genus Rhodospirillum. Phylogenetic relationships of strain JA318 T with other chemotrophic and phototrophic bacteria as examined using 16S rRNA gene sequence analysis indicated that the novel strain clustered with type strains of the genus Rhodospirillum. The highest sequence similarity for strain JA318 T was found with the type strain of Rsp. sulfurexigens (99.9 %). The neighbourjoining tree is shown in Fig. 1 , while other trees (minimum evolution and maximum-parsimony) have similar topologies ( Figs S5 and S6) .
Genomic DNA-DNA hybridization carried out between strains JA318 T and Rsp. sulfurexigens JA143 T , and strains JA318 T and Rsp. photometricum DSM 122 T resulted in reassociation values of 52±2 % and 45.1±1 % (n55; including reciprocal analyses), respectively, and these hybridization values are within the recommended standards to delineate a bacterial species (Stackebrandt & Goebel, 1994; Stackebrandt & Ebers, 2006 ). The genotypic difference is supported by phenotypic distinctions between strain JA318 T and other members of the genus Rhodospirillum, which mainly include the size of the cells, colour of phototrophically grown cultures, growth factor requirement, organic substrate utilization, carotenoids and fatty acid and polar lipid composition (Table 1; Figs S2, S3 and S4). These differences justify the description of strain JA318 T as a representative of a novel species, for which the name Rhodospirillum oryzae sp. nov., is proposed.
Description of Rhodospirillum oryzae sp. nov.
Rhodospirillum oryzae (o.ry9zae. L. gen. n. oryzae of rice, pertaining to the isolation of the type strain from rice paddy soil).
Cells are spiral shaped, 4-16 mm long and 1-3 mm wide, often forming long chains of spirals, motile by means of amphitrichous flagella and multiply by binary fission. Photoorganoheterotrophic growth occurs and internal photosynthetic membranes are of the stacked type. Phototrophically grown cultures are reddish-brown. The in vivo absorption spectrum of intact cells in sucrose exhibit maxima at 374, 491, 527, 791 and 851 nm confirming the presence of bacteriochlorophyll a. Lycopene, rhodopin, spirilloxanthin and rhodovibrin are the carotenoids. Optimum growth occurs at 30 u C (range 25-40 u C). Optimum pH for growth is 7.0 (range 6-8 Sulfide, thioglycolate, methionine and cysteine are used as sulfur sources. Thiamine, niacin and para-aminobenzoic acid are required as growth factors. Major fatty acids are C 18 : 1 v7c and C 16 : 0 , while minor amounts of C 10 : 0 , C 12 : 0 , C 14 : 0 , C 15 : 0 2-OH, C 16 : 0 3-OH, C 18 : 0 , C 18 : 0 3-OH, C 18 : 0 2-OH, C 18 : 1 v5c and C 16 : 1 v6c/C 16 : 1 v7c are present. Ubiquinone-8 and rhodoquinone-8 are the predominant quinones. Diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine and an unidentified aminolipid are the polar lipids present. The type strain, JA318 T (5KCTC 5960 T 5NBRC 107573 T ), was isolated from rhizosphere soil of paddy, Nadergul, Andhra Pradesh, India. The DNA G+C content of the type strain is 60.2 mol% (by HPLC). Rhodospirillum oryzae JA318 T (AM901295) Fig. 1 . Phylogenetic tree based on almost-complete 16S rRNA gene sequences showing the relationship of strain JA318 T with closely related species. The tree was reconstructed by the neighbour-joining method using the MEGA4 software and rooted by using E. coli as the outgroup. Numbers at nodes represent bootstrap values (based on 500 resamplings). The GenBank accession numbers for 16S rRNA gene sequences are shown in parentheses. Bar, 2 substitutions per 100 nucleotides.
